The incorporation of bovine serum as a nutritive supplement into most tissue or cell culture media has resulted in extensive investigation into the prevalence of endogenous bovine viruses. Fetal bovine serum has been implicated in the appearance of bovine virus diarrhea virus in cell cultures previously known to be virus free (4) . Bovine herpesvirus type 1 in a concentration of 150 mean tissue culture infective doses (TCID50)/ml has been recovered as an endogenous contaminant in fetal bovine serum by Molander et al. (6) . These investigators also isolated bovine virus diarrhea virus from bovine serum collected by cardiac puncture. Recently, a number of investigators (1, 5) have isolated bacteriophage from many lots of bovine serum.
The present report is concerned with the evaluation of some of the commonly used procedures for the detection of viruses in bovine serum, together with studies of some of the conditions which might influence virus recovery.
MATERIALS AND METHODS
Viruses and cell cultures. The viruses used in this study were bovine herpesvirus type 1 (BHV-1), the bovine strain of parainfluenza virus type 3 (PI-3), and the simian virus strain of parainfluenza virus type 5 (PI-5). The BHV-1 and PI-3 viruses were obtained from the American Type Culture Collection and PI-5 was isolated in our laboratories from a primary rhesus monkey kidney cell culture. Primary bovine embryonic kidney cells were used for the propagation of BHV-1 and primary monkey kidney cell cultures were used for PI-3 and PI-5. The growth of the latter two viruses was determined by the hemadsorption of guinea pig erythrocytes onto infected cell culture monolayers, whereas observation of cultures for cytopathic effect was used to determine the infectivity of Detection of virus in bovine sera by virus isolation and by electron microscopy. Virus isolation studies on serum samples were performed as follows: before centrifugation 0.1 ml was inoculated into 10 to 15 culture tubes each of bovine embryonic kidney, monkey kidney (green or rhesus monkey), and rabbit kidney. Pooled serum samples were further tested by inoculating the same primary cell cultures with 0.1 ml of the 100 times concentrated pellets obtained by centrifugation as mentioned above. All inoculated cultures were kept for observation for 30 days without subculturing. At the end of the incubation period the monkey kidney cell cultures were tested for hemadsorption, and bovine embryonic kidney and rabbit kidney cell cultures were fixed and stained for microscopy examination for virus-induced inclusions.
Methods for the preparation of serum samples for electron microscopy have been described in detail in the accompanying paper (2) . Briefly, clarified sera were pelleted in a Beckman L2-65 ultracentrifuge at 27,000 rpm in SW27 rotor for 90 min. The Table 1 . A sedimentation procedure using a low speed of centrifugation (25,000 x g) appeared to be an efficient method for the recovery of both BHV-1 and PI-3 virus. After high speed centrifugation at 100,000 x g, recovery of BHV-1 virus was not appreciably higher than that obtained at 25,000 x g. In those instances where the pellet of BHV-1 obtained from high speed centrifugation was subjected to a brief period of sonic treatment, the resultant virus titers were somewhat higher than those from the untreated sample suggesting some aggregation of virus. No significant amount of infectious virus was obtained from the supernatants. When PI-3 was used in these experiments, titers were observed to be reduced significantly during the prolonged period of high speed centrifugation. This decrease appeared to progress as the time of treatment was increased. The cause of this decrease has not been determined.
When smaller amounts of BHV-1 were added to bovine serum samples at concentrations most likely to be encountered in contaminated bovine serum, virus recovery appeared to be almost complete when centrifuged at 100,000 x g for 90 min (Table 2 ). It was apparent that infectious virus was readily recovered at such high speed centrifugation even when the concentrations of virus in the original serum samples were less than 1 log10 TCID5,Jml of serum.
Effect of antibody on recovery of known virus from bovine serum. The presence of homologous neutralizing antibody in the serum markedly reduced the efficiency of the procedure used to recover infectious virus added to the serum samples (Table 3) . Serum with an antibody titer of 1:2 masked more than 10-fold BHV-1 as indicated by the decreased infectivity titers, and infectious virus was not recovered when the homologous antibody titer was 1:16.
Similar results were obtained with PI-3 in As mentioned above, PI-3 appeared to be easily inactivated when subjected to centrifugation at 100,000 x g for 90 min since no increase in the infectivity titer was observed in the antibody negative serum sample after this concentration procedure (Table 3 , bottom section).
Efficiency of recognizing viruses in bovine serum by electron microscopy. Neither BHV-1 nor PI-3 could be detected by measurement of the infectivity titers when these viruses were added to serum samples which contained homologous antibody (Table 3) . However, the presence of virus particles of each type was confirmed by electron microscopy examination of thin sections ( (Fig. lb and c and  2) . Complete, enveloped, typical herpesvirus particles were easily seen in the thin sections (Fig. lb and c ) When PI-3 virus was added to calf serum containing specific homologous antibody, a layer of electron dense fuzzy material, presumably antibody molecules, was seen on the viral envelopes ( Fig. 2a and b) . These myxovirus particles appeared to be disintegrating when compared to those seen in samples prepared in the absence of neutralizing antibody ( Fig. 2c and d) .
Attempts to isolate endogenous viruses from bovine sera and determination of neutralizing antibody. No virus was isolated in cell cultures inoculated with 21 lots of pooled fetal bovine and eight lots of pooled calf serum obtained from commercial laboratories, and 43 serum samples from bleedings obtained from individual calves and 37 adult cattle. There was no evidence of virus-induced cytopathic effect or hemadsorption, nor were any virus-induced inclusions found in the stained preparations. Subcultures and blind passages of inoculated cultures were not done in these studies. Although virus was not isolated from any of the fetal bovine and calf serum pools which were subjected to the high speed sedimentation procedures mentioned above, virus-like particles were observed by electron microscopy as reported in the accompanying paper (2) .
Since no virus was isolated from the above serum samples, they were then examined for the presence of neutralizing antibody to some commonly found bovine viruses (Table 4 ). It was found that antibody to BHV-1 virus was prevalent in the serum pools purchased commer- steps in the demonstration of the presence of minimal amounts of viral contaminants in bovine sera (6) . In addition, some of the sera tested in the present study were found to contain significant levels of neutralizing antibody to the viruses expected including BHV-1 and PI-3, therefore the likelihood of isolating virus from these bovine serum samples became even less.
The data presented here also illustrated the advantage of recognizing viruses in bovine serum by electron microscopy, especially in the presence of homologous antibody (Table 2) . Whether the virus-antibody complex in bovine sera is capable of inducing any undesirable effects on cell cultures is yet to be determined.
Other investigators have shown that bovine sera contain antibody to several viruses. Schell et al. (8) , studying individual calves, showed that antibodies to BHV-1, PI-3, and BVD were quite prevalent in animals from widely different geographical areas. Commercially available pools of sera have also been reported to contain neutralizing antibody to these bovine viruses (7) as well as to others, such as PI-5 (3). The finding that 15 to 20% of commercial bovine sera contained neutralizing antibody to PI-5 virus might account for the reports of the low prevalence of this virus as a latent endogenous contaminant in primary cell cultures since bovine sera have been incorporated in the culture media used (9) . These findings are extremely important to the virologist employing tissue cultures for virus isolations from clinical specimens.
